This paper will briefly outline those elements which must be considered in assessing the effects of any given compound which might impinge on the actions of adrencortical steroids. Considerations that ought to be taken into account include the following: the delivery to the affected cells of cortiocosteroids, the uptake of the hormone by the cells, the metabolism of the hormone by the cells, the intracellular actions of the hormone, the possible secondary interactions between cells, and multihormonal actions on the final target cell.
Delivery of Corticosteroids to Target Tissues
The astute reader will already have noted that by beginning with the question of hormone delivery, I have neglected synthesis and its regulation. I have done so because synthesis seems outside the topic of factors affecting corticosteroid function, though of course the ultimate behavior of hormone-sensitive tissues depends on accurate control of hormone synthesis. For a consideration of this important and complex topic, therefore, the reader is referred to standard works on the subject. The most important concept regarding circulating corticosteroids is that they circulate in at least two physical forms: as free steroids dissolved in the aqueous phase of plasma, and as complexes adsorbed to serum proteins. Most natural cortiocosteroids in fact do so in the bound form. Corticosteroid binding globulin (CBG) is a highly specific binder for this class of steroids, and the naturally occurring members of the class, and some synthetic analogs bind to CBG with high affinity (1) . But corticosteroids also bind, with less specificity and affinity, to a number of plasma proteins. Because of its high plasma concentration, albumin represents a major adsorbent for circulating steroids. Thus about 10% of circulating corticosteroids are free and about 90% are bound. Evidence in tissue culture systems strongly sug-*Laboratory of Biochemistry, National Cancer Institute, National Institutes of Health, Bethesda, Maryland 20205.
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gests that it is the free steroid which acts upon target cells (2) (3) (4) (5) (1) . Free steroid in the tissue space is thought to dissolve in the plasma membrane and then to reappear in the cytoplasm, due to its tight binding to a specific receptor (of which, more below). Harrison, however, has presented data in one cell system at least which suggests that uptake is an active, energy-requiring process (1) . In my opinion, the question of cell uptake of steroids is underinvestigated. In any case, alterations of target cell membranes by toxic chemicals could produce changes affecting steroid uptake.
Metabolism of glucocorticoids is rarely if ever required to produce an active intracellular compound. Much data indicate that in most cells active glucocorticoids produce their responses without alterations in other structures. However, corticosteroid metabolism to less active forms may play a critical role in determining the tissue effects of the hormone. A clear example of this is found in the work of Santen et al. (7, 8) . These workers were interested in testing the effects of aminoglutethimide to bring about a "medical adrenalectomy" for the treatment of breast cancer. The goal was to eliminate adrenal-derived estrogens, and of course it was necessary to provide replacement glucocorticoids for the patients, since the blocker inhibits all steroid synthesis. Initially dexamethasone was chosen as the replacement. This is a highly potent glucocorticoid, not normally metabolized to less active form(s). But in the aminoglutethimidetreated individuals, it was found that dexamethasone was metabolized/excreted and was therefore ineffective in replacement therapy. In fact the natural glucocorticoid, cortisol, actually provided better replacement therapy. The conclusion which must be drawn from this example is that not only may normal metabolism and/or excretion of corticosteroids be altered by unusual compounds, but also that unexpected metabolic paths may be induced, grossly changing the actions of the natural or synthetic adrenal steroids.
Intracellular Actions of Corticosteroids
The initial intracellular interaction between steroid and cell elements is that of binding to receptor. These receptors are proteins specific for each class of steroid. Thus the receptors for corticosteroids are proteins of 80-100,000 daltons, highly sensitive to thiol oxidants, and having one high-affinity glucocorticoid binding site per molecule (9) . In most systems studied, the affinity for potent glucocorticoids (expressed as apparent equilibrium dissociation constant) is Kd-10-9-108M. Occupancy (11, 12) , but in HTC cells it was possible to show that the hormones acted directly on the target cell (2, 13) . Subsequently an estimate of the limits of the effects of glucocorticoids on cell proteins was obtained by displaying HTC cell proteins by the technique of two-dimensional gel isoelectric focussing/electrophoresis. Comparison of steroid-treated and untreated samples showed that some proteins appeared to be induced while others were reduced after steroid. The total number of altered peptide spots was of the order of 20 (14) . Isolation of cell variants from the HTC parent line showed that different steroid responses could be under separate controls. That is, cells selected because of their lack of one response did not necessarily lack all other responses to glucocorticoids (15) .
One of the classical cell responses to corticosteroids is lysis of thymus-derived lymphocytes (16 .. , n are n genes controlled by glucocorticoids, the shading on 2 and on the regulatory end of n represents masking proteins preventing SR* (±A) interaction with the genome. Finally, (4) there may be regulatory loops, with control, either positive or negative, exerted by the products of certain induced genes. This is indicated by the arrows from RNA and protein on the right, dicted back towards the DNA. Taken in part from Thompson, et al. (27) .
examined in broken-cell systems, however, the receptors from these cells were found to be abnormally labile (20) . Cells such as these may account for at least some classes of human receptorpositive, steroid-resistant leukemia. The fact that most cells contain corticosteroid receptors and yet show a wide variety of specific responses to the hormones at once announce the likelihood of post-receptor controls. These may be positive-acting, allowing or causing the steroidreceptor complex to exert a particular intracellular action, or negative, blocking a response or set of (23) . The synthesis of this factor is inhibited by corticosteroids (24) . Thus the apparent effects of the corticosteroids on the immune system could be radically altered by compounds which themselves vary any of several cell or hormonal elements within that system. The interdependence of corticosteroids and other hormones has been well known for years (5, 25) . One example from recent research will serve to illustrate this interdependence. GH cells are a tissue culture line of rat pituitary adenoma cells. In these cells, corticosteroids alone have only a slight inductive effect on the production of growth hormone. When thyroid hormone and corticosteroids are given together, however, there is a marked synergism in the production of growth hormone (26) . The action of the adrenal steroid is strongly modified by the presence of the thyroid hormone. Diminished effect of the steroids in certain systems following exposure to toxic products could well come from secondary hormonal interactions.
Summary
In this article, I have briefly set forth some of the factors upon which the function of adrencortical hormones depends. These include delivery by the circulatory system, binding proteins in the circulation, metabolism of the hormones, intracellular receptors and modifiers of cell response to the steroid-receptor complex, cell-cell interactions, and multihormonal interactions at the target cell. Consideration of all these factors is necessary in appraising the effect of potentially toxic materials on corticosteroid function.
